ABSTRACT
INTRODUCTION
Recently, energy harvesting has emerged as a solution for powering autonomous sensor 2 nodes to increase their expected lifetimes. In wireless sensor applications where photovoltaic, optical, thermal, or electrical energy sources are not practical or available, energy harvesting devices that convert kinetic energy into electrical energy have attracted much interest. A variety of micro-machined vibration driven generators using electromagnetic principles to convert the kinetic energy of a suspended mass into electrical energy, are being studied for powering wireless sensor nodes. With the decreasing size and power requirements of wireless sensor networks, there exists a significant driver to miniaturize the size of the power generators.
Beeby et al. [1] have reviewed the state of the art of vibration powered generators in detail. In the following, we briefly review the main research results relating to electromagnetic devices. In their recent work, Beeby et al. [2] , present working of a small (volume−0.1 cm3) electromagnetic generator using moving NdFeB magnets on berylliumcopper beam, placed around a fixed wire wound coil. They report a maximum power of 46W from the device in a 4 k load from 0.59 m/s2 acceleration at a resonant frequency of 52 Hz.
Previously, El Hami et al. [3] presented results from an electromagnetic power generator comprising of cantilever beam with a pair of NdFeB magnets with wire-wound coil fixed between the poles of the magnets. They reported 1mW of power generated for a 0.24 cm3 volume at a frequency of 320 Hz. Further, Glynne-Jones et al. [4] demonstrated working of an assembled electromagnetic power generator, using fixed bulk magnets and moving wirewound coil fixed on a stainless steel beam. The generator produced a power of 180W at a frequency of 322 Hz, acceleration of 2.7 m/s2 and had a volume of 0.84 cm3. In recent work, Serre et al. [5] used a moving NdFeB magnet on a polyamide film and a fixed planar coil made of aluminum layer. The device produced a power of 200nW at a resonant frequency of 360 Hz for a displacement of 6.8m.
In other work, Mizuno et al. [6] described the use of an integrated coil on a cantilever 3 beam with fixed NdFeB magnets. They predicted a maximum power of 0.4nW for a volume of 2.1 cm3 at a frequency of 700 Hz and acceleration of 12.4 m/s2. A silicon-based generator was reported by Kulah and Najafi [7] , comprising of two separated chips combined together.
They reported a maximum power of 4 nW, 25Hz frequency and volume of 2 cm 3 . The previous reviews made by Beeby et al. [1] show that up-to-date fully micro-fabricated (i.e., micro-fabricated coils, magnets, beam and housing) electromagnetic vibration generators have not been reported.
In this paper, an energy harvester is presented to convert ambient mechanical vibration into electrical energy employing magnetoelectric generator. The harvester uses single magnetspring attached on the coil. When the harvester is excited, the magnet moves relative to the coil, undergoes magnetic field variations and produces a power output. To obtain a maximum power output, the mass of magnet is varied. The magnetoelectric generator with various masses of magnets was tested by a harmonic exciter in various frequencies and amplitudes.
The one with maximum power output was then applied to harvest the ambient vibration energy of KRI KKP-811's Engine.
METHOD
The research is divided into four steps: design, development, characterization and application:
A. Development of the vibration energy harvester can be expressed as:
The steady state response of the system is expressed by: 
B. Characterization of the prototype
To obtain a maximum power output experimentally, the magnetoelectric generator was tested with the schematic diagram shown in Figure 3 . As shown in the figure, the experimental apparatus consists of a dc electric motor 24V 7A to produce various excitation frequencies, a disc with various eccentricities to produce various excitation amplitudes, and a digital oscilloscope to measure the output voltage and current of the VEH. Table 1 and 2 shows the properties of the permanent magnet and the spring used in the generator. The dc 
8 Figure 5 The scheme of the output voltage and current measurement using oscilloscope. 
RESULTS AND DISCUSSION

CONCLUSION
Vibration energy harvesting has been receiving a considerable amount of interest as a means of powering wireless sensors and low-power devices. In this paper, an energy harvester is presented to convert ambient mechanical vibration into electrical energy employing magnetoelectric generator. The harvester uses single magnet-spring attached on the coil.
When the harvester is excited, the magnet moves relative to the coil, undergoes magnetic field variations and produces a power output. To obtain a maximum power output, the mass of magnet is varied. The magnetoelectric generator with various mass of magnets was tested by a harmonic exciter in various frequencies and amplitudes. The one with maximum power output was then applied to harvest the ambient vibration energy of KRI KKP-811's Engine. From characterization of the developed vibration energy harvester, the maximum output power of 160μW obtained for prototype wiht spring constant k = 13,14 N/m and mass m=36g at disc frequency ω = 794 rpm and amplitude A=6mm. This prototype was then applied to harvest vibration energy of the KRI KKP-811's engine and can generate maximum power of 2μW when it is placed at the base/foundation of the engine.
